A case of rhabdomyolysis after a possible viral infection and the use of a cold medication is reported. A 41-year-old man who presented with dysarthria, dysphagia, progressive weakness of his muscles and a high grade fever was admitted. He suffered from massive rhabdomyolysis, acute renal failure, and bronchopneumonia. Hemodialysis, antibiotics, and hydration therapy were effective in the treatment of his illness. Although the cause of the rhabdomyolysis was not completely clear, he was subsequently shown to be susceptible to malignant hyperthermia (MH) based on the results of a caffeine-halothane contracture test. Whena mild recurrence occurred during a follow-up muscle biopsy, intravenous dantrolene sodium was administered and he improved immediately. This case suggests that MHshould be considered in patients with rhabdomyolysis whenthe cause is unclear. The caffeine-halothane contracture test mayalso be helpful in the diagnosis.
Introduction
Rhabdomyolysisis a well-recognized but underdiagnosed cause of acute renal failure. Although rhabdomyolysis is well knownto be secondary to trauma or ischemia and is knownas "crush syndrome" ( 1) , several non-traumatic triggers have been reported other than hereditary myoglobinemia (2) . For example, extreme exercise under hot conditions (3) , neuroleptic drugs (4), alcohol (5) and infection (7) have also been reported to cause rhabdomyolysis. However,the mechanismsunderlying the muscle damage in non-traumatic rhabdomyolysis remain unclear beyond defects in myogenic enzymes. Recently, some cases ofnon-traumatic rhabdomyolysis have been described in individuals whowere susceptible to malignant hyperthermia (MH) (7, 8) . The anesthetic complication of MHoccurs in some patients who have an underlying muscle metabolic disorder (ryanodine receptor abnormality), but the pathogenesis remains unclear in about half of the patients with MH(9). We report here a patient who developed severe rhabdomyolysis after a possible viral infection and the use of cold medication. Although the cause of the rhabdomyolysis was not completely clear, he was subsequently shown to be susceptible to MHbased on the results of a caffeine-halothane contracture test.
Case Report
A 41-year-old man who presented with dysarthria, dysphagia, rapidly progressive muscle weakness and a high grade fever was admitted to our hospital on July 3, 1996. The patient had been well until one weekearlier, whenhe began to experience coughing and headaches. The patient subsequently took a cold medication which was purchased at a drug store. This drug contained chlorpheniramine (3 mg), phenylephrine chloride (1.5 mg), phenylpropanolamine chloride (17 mg) and dasora extract (6 mg) per capsule. The next day, he experienced paresthesias of the extremities in addition to dysarthria and a high grade fever over 39°C. When he visited our hospital, he was still conscious, but restlessness and a reduced level of alertness were noted. He complained of dysarthria, difficulty in swallowing, and muscle weakness of the extremities, especially in the bilateral thigh region; he could not walk by himself. However,sensation remained intact, and the muscle tone and deep tendon reflexes were normal. Other neurologic examina-tion results were unremarkable. He did not complain of any muscle pain. His blood pressure was 120/80 mmHg, temperature was 39.4°C, andhispulse was 108 beats perminute. He was in mild respiratory distress, but no stridor was detected. Inspiratory crackles were heard over the right lower chest. Plain radiographs of his chest showedair-space opacities in the right lower lobe (Fig. 1) . A brain computed tomography (CT) scan was normal. An electrocardiogram showedsinus tachycardia at a rate of 108, but was otherwise normal.
The patient had started a newjob, which consisted mainly of washing bathroom tiles, 8 months ago. His medical and family history was unremarkable. He had not undergone any opeations nor had he taken any anesthesia until then. He did not have previous problems with cold medications. There was no family history of symptomssuggestive of any muscular diseases. He smoked one pack of cigarettes daily and consumed three bottles of beer and two to three cups ofa low-class distilled spirit called 'Shochu' per day, but had not consumed any alcohol over the three-day period prior to admission. The laboratory data on admission are presented in Table 1 . The erythrocyte sedimentation rate (ESR) was 123 mm/hand Rhabdomyolysis and Malignant Hyperthermia C-reactive protein (CRP) level was 34.2 mg/dl. The white blood cell count was elevated to 10,400/jjI, with a left shift in differentiation. Serum creatine kinase activity (CK) was 38,610 IU/ /, blood urea nitrogen (BUN) was 69.0 mg/dl and creatinine level was 4.9 mEq//. Lactic dehydrogenase (LDH), glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT) and y-glutamyltranspeptidase (y-GTP) were also elevated. Serum myoglobin, aldolase, and myoglobin in the urine were found to be elevated on the following day. Arterial blood gas analysis demonstrated that the pH was 7.371, partial pressure of carbon dioxide (PaCO2) was 19.6 mmHg, partial pressure of oxygen (PaO2) was 78.6 mmHg,and HCO3~was 1 1.3 mmol//. Sputum and blood specimens were examined repeatedly, but revealed no pathological microorganisms.
Several serum viral titers were also examined in paired serum samples, including adenovirus, influenza A, B viruses, parainfluenza virus and respiratory syncytial virus (RSV), but none of these were significantly elevated. Anti-nuclear antibody and anti-DNA antibody tests were negative. Five hours after admission, he felt extremely unwell and lost consciousness. He was oliguric, and his urine was dark brown with a pH of 5.0, protein 1 (+), blood 3 (+), and it contained granular and hyaline casts. Wesuspected acute renal failure secondary to rhabdomyolysis, and hemodialysis was started immediately. Later that day, he experienced respiratory distress with a respiratory rate of40 per minute. His arterial blood gases showedinadequate oxygenation with increasing metabolic acidosis; his pH was 7.341, PaCO2 was 29.6 mmHg, PaO2 was 58.6 mmHg,and HCO3~was 18.3 mmol// under an O2 supply by face mask of 8 //min. Intubation and ventilation were required overnight, and his respiratory state and loss of consciousness improved by the next day. He did not complain of any muscle pain, and the muscle weakness in his extremities gradually improved until the 10th hospital day. He was treated with piperacillin (4 g/day) and clindamycin (1,200 mg/day) intravenously, and he recovered further from his pneumonia. He required hemodialysis twice for renal failure, but his urination normalized with diuretics and hydration. A bone scintigram using 99mTechnetium-hydroxy methylene diphosphonate, which is a well-known sensitive indicator of local skeletal muscle injury in rhabdomyolysis (10), showed increased uptake of radioactivity in the bilateral quadriceps muscles (Fig. 2) . Although there was no family history of muscle disorders, an in vitro muscle test was performed on the 21st hospital day for suspected malignant hyperthermia. The 3 %halothane contracture was 0.2 g (normal range <0.2 g) and the 2 mMcaffeine contracture was 0.0 g (normal range <0.2 g); these values were positive according to the North American MHgroup protocol. With 2% halothane (normal range >2%), 0.4 g contracture occurred, and 0.3 g contracture occurred at 3 mMcaffeine (normal range >2 mM), which were equivocal based on the European MHgroup protocol.
On July 23, a muscle biopsy was performed under epidural anesthesia by 1 % mepivacaine hydrochloride (7 ml) and sedation by hydroxyzine (50 mg). A few hours later, he suffered a high fever of up to 38.5°C, and his CRP, CK, and myoglobin levels were elevated at 4.1 mg/dl, 907 IU//, and 500 ng/ml, respectively. Dantrolene sodium 100 mgwas administered intravenously, and 50 mgwas administered on the following day. The patient gradually improved. When he was discharged on the 35th day, his chest was clear and renal function was normal (Fig. 3) .
Discussion
In the present case, the cause of the rhabdomyolysis was not completely clear. The patient seemed to have a possible viral infection for several days prior to admission. He also drank considerable quantities of alcohol everyday. Dysarthria, dysphagia, progressive weakness of the muscles and a high grade fever occurred one day after taking cold medication. On admission, he suffered from bronchopneumonia. Although pneumonia has occasionally been reported to cause rhabdomyolysis (5), the bronchopneumonia in this case seemed to be caused by aspiration due to weakness of the swallowing muscles.
Alcohol abuse has been reported to be a cause of rhabdomyolysis (4) . However, most cases were in a comatose state after an overdose of alcohol, where mild or severe pressure-induced ischemia in the muscles might be responsible, as ethanol can damagemuscles. In addition, our patient had not consumed any alcohol three days prior to admission. Viral infection has also been reported to be a cause of rhabdomyolysis (8). The patient did have flu like symptoms one week before admission. Weexamined several viral titers in paired serum samples, including adenovirus, influenza A, B viruses, parainfluenza virus and RSV,but none of these were significantly elevated. It remains possible that the patient had another viral infection which was not detected. Somedrugs have been reported to cause rhabdomyolysis. Neuroleptics are well-knownto induce rhabdomyolysis, which is known as malignant syndrome (3) . Other kinds of drugs associated with rhabdomyolysis have also been reported, such as antihistamines ( 1 1), antilipemics, antibiotics, theophylline, (3-blockers, steroids, colchicine, anti-cancer drugs and so on. Therefore, although he had not experienced problems with cold medications previously, it is possible the cold medication, which contained antihistamines, caused the rhabdomyolysis in this patient. Recently, non-traumatic rhabdomyolysis has been described in individuals whowere susceptible to MH.Since MHis an autosomaldominant condition (12), a family history of the disorder is the most important clue to susceptibility. In these cases where a family history is not informative, the caffeinehalothane contracture test (CHCT)remains the best method to screen for susceptibility ( 1 3) . In the present case, the CHCTwas positive according to the North American MHgroup protocol, and was equivocal based on the European MHgroup protocol. Although the infection and cold medication might have potentially triggered the rhabdomyolysis in this case, the patient was shown to be susceptible to MH.A mild recurrence occurred during a muscle biopsy, which might have been due to the anesthesia or the sedative administered, in addition to the operative muscle damage. These observations suggest that the patient was predisposed to rhabdomyolysis following an infection, muscle operative damageor medication. After dantrolene sodium was administered intravenously, his condition improved. In conclusion, MHshould be considered in patients with non-traumatic rhabdomyolysis, when other causes are unclear. The caffeine-halothane contracture test mayalso be helpful in diagnosis.
